Cotton pest management. 1. New cotton protection policy and rational use of pesticides by Cauquil, Jean & Vaissayre, Maurice
In cotton-producing regions of western Africa, 
cotton extension companies have, to some extent, lagged behind 
in their pest management programmes in recent years. These shifts in strategy, 
associated with economic constraints, could be detrimental to the environment 
and lead to the development of pesticide resistance in some 
cotton pests. Current know-how in this field is reviewed as a basis for 
recommendations on unscheduled treatments and on the optimal 
use of pesticides relative to agricultural and ecological needs.
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C otton pests are a serious pro-b lem  in c o t to n - g r o w in g  regions o f t ro p ic a l  A fr ica .  
They are responsible for losses of 40- 
60% in the cotton production poten-
tial, depending on the country and 
year, for mean yields of 1 000 kg/ha 
of seed cotton.
Pest management is therefore essen-
tial. There are two main regions, defi-
ned on the  basis o f  c l im a t i c  
characteristics and the pests present 
(Table 1).
The use of chemical pesticides is still 
necessary. However, systematic pres- 
chedu led  chem ica l  co n tro l  t rea t-
ments, as currently carried out in all 
cotton-growing countries of tropical 
A fr ica , w i l l  no longer be possible 
over the short and m ed ium  term. 
Treatment decisions w il l  be made on 
a " threshold" basis. Integrated pest 
management1 offers a variety of alter- 
na t ives  to  sys tem a t ic  c h e m ic a l  
control.
1. Integrated pest management involves 
the combined and rational use of all avai-
lable techniques to control various crop 
pests. The overall objective is to maintain 
pest popu la t io ns  be lo w  e c o n o m ic a l ly  
threatening levels.
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Figure 1. Cotton production in French-speaking countries of western and central Africa Alte rna t ive  treatment programmes 
(Source: CFDT, 1997). are now being implemented —  they
are not as costly and are adapted to 
real pest pressure levels. Treatments 
are therefore conducted when out-
break levels for one or several pests 
are high enough to cause harvest 
losses —  this is the treatment thre-
shold. In add it ion , treatment costs 
have to remain lower than economic 
losses that could be prompted by the 
outbreak.
Treatment
thresholds
C otton  pest m a n a g em en t p ro -
grammes were until quite  recently 
designed to keep pest populations at 
low mean levels. Long-term econo-
mic impacts were estimated on the 
basis of results obtained on experi-
mental plots comparing three levels 
o f  p ro te c t io n :  un trea ted  c o n t ro l ,  
extension treatment, and maximum 
treatment.
T rea tm ent p rogram m es d id  not a 
prior i  take actual infestation intensi-
ties and types of pests into account. 
Prescheduled treatments of cotton 
crops were thus carried out during 
the f low e r ing - fru i t ing  phase, often 
every 14 days.
Table 1. Insect pests present in western and central African cotton-growing regions.
Region Precipitation
(mm)
Type of insects Species
Northern
zone
less than 1 000 
to 1 100
sucking insects
leaf-eating
caterpillars
boll weevils 
heteropterans
lassidae 
Aphis gossypii 
Bemisia tabaci
Syllepte derogata 
Anomis flava
Helicoverpa armigera 
Diparopsis watersi 
Earias insulana
Miridae
Southern more sucking insects lassidae
zone than 1 100 Aphis gossypii
spider mites Polyphagotarsonemus
latus
leaf-eating Syllepte derogata
caterpillars Spodoptera littoralis
exocarpal bollworms Helicoverpa armigera
Diparopsis watersi
Earias insulana
Earias biplaga
endocarpal bollworms Cryptophlebia leucotreta
Pectinophora gossypiella
Sampling assessments
Sampling is required to determine 
treatment thresholds, with all obser-
vations and counts noted on data 
sheets or peg-boards. The number of 
samplings required depends on the 
homogeneity of the plot. The general 
assessment procedure involves sam-
pling 25 plants along a diagonal line 
transecting a unit plot (0.25-2 ha) on 
which a homogeneous cotton crop is 
grown.
Control results against the 
main cotton pests
Treatment thresholds against some 
pests have been determined on the 
basis of 10 years of field results: for 
exocarpal b o l lw o rm s  (worms that 
perforate the cotton boll but do not
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Figure 2. Endocarpal bollworm in 
different French-speaking countries 
of western and central Africa 
(Source: CIRAD, 1993).
inhab it  the boll) , leafeating ca ter-
pillars, and sucking insects. Spider 
mites are too small for easy counting, 
so treatment thresholds are set accor-
ding to the observed extent of dama-
ge they cause.
It is very dif ficult to assess endocarpal 
bollworm (living inside cotton bolls) 
infestation levels. The cotton bolls 
have to  be ope ne d  to c o u n t  
Pectinophora gossypiella Saund. and 
C ry p to p h le b ia  leu co tre ta  M ey r .  
larvae populations. These pests are 
d is tr ibuted over a quite  w ide  area 
in w es te rn  A f r ic a ,  i.e. 300 0 0 0 -  
350 000 ha out of 1 mil l ion ha that 
are treated (Figure 2).
Treatment threshold estimates are not 
always very accurate. Several treat-
ment thresholds could be proposed 
for many pests during the outbreak 
phase. The time it takes to reach the 
threshold is also an important factor, 
e.g. w ith  spider mites, leaf-eating 
caterpil lars and even the American 
b o l lw o rm  H e i icove rp a  a rm ig e ra  
Hbn.
It is more dif ficult to make treatment 
decisions when several different pest 
species are present and none of them 
have reached their respective thre-
sholds. A c u m u la t iv e  or m u l t ip le  
thresho ld  concep t should thus be 
introduced.
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Exocarpal bollworm (living outside the 
boll) Helicoverpa armigera.
Photo ORAD-UREA Advantages of treatment 
thresholds
W ith  a t reatment thresho ld , trea t-
ments can often be undertaken when 
the pest is at an especia lly  suscep-
tible development stage, e.g. recently 
hatched worms. Pesticides, acting as 
a function of the insects' weigh have 
h ig h e r  e f f ic a c y  and th ey  can be 
app lied  at lower doses than those 
used in preventive treatments. The 
success of a pesticide treatment also 
depends on how early the treatment 
is carried out, using an active ingre-
dient specific to the target pest.
An adapted and 
reliable choice of 
active ingredients
The efficacy and quality 
of pesticide formulations
The e f f ic a c y  o f  a p e s t ic id e  fo r  
c o n t r o l l i n g  a pest or a g ro up  o f 
insects is o b v io u s ly  an im p o r ta n t  
consideration, but its harmfulness is 
also important, i.e. risk of intoxica-
ting vertebrates, and environmental 
im p a c t ,  e s p e c ia l ly  on n on ta rge t  
wildli fe.
It is also essential to assess the risk of 
los ing  e f f icacy  th rough  pest ic ide  
resistance. This resistance can deve-
lop through various mechanisms (in 
the nervous system, digestive system, 
etc.), at very few known target sites in 
the insect for the main pesticide fami- 
l ies: p y re th ro id ,  o rg a n o c h lo r in e  
( inc lud ing  DDT), o rganophospho-
rous and ca rbam ate  co m p ou nd s .  
When resistance to a pesticide deve-
lops at a target site, then the efficacy 
o f o the r  ac t ive  ing red ien ts  in the 
same fam ily  can be nu l l i f ied . New 
groups of active ingredients with d if-
fe ren t target sites shou ld  thus be 
developed.
The quality of proposed formulations 
should also be monitored. The pre-
sence o f  im p u r i t ie s  in the ac t ive  
ingredient or solvents can lower the 
efficacy of a pesticide against a target 
insect. Solvents can modify the toxi-
city of the formulation to the user and 
affect the material o f the pesticide 
container (i.e. varnishes coating the 
inside of the container have to be sol-
vent-resistant).
Active ingredient contents and their 
origins should thus be controlled for 
all marketed pesticides.
Pes t ic ide  fo rm u la t io n s  c o u ld  be 
concentrated in order to l im it  ship-
p ing  and h a n d l ing  costs, but this 
increases the risk of dosage errors. 
The danger of in tox ica t ion  dur ing  
field handling should also be taken 
into account.
Guidelines published by the World  
Health Organization (WHO) and the 
Food and Agriculture Organization 
of the United Nations (FAO) confir-
med the grounds o f restr ictions on 
the use of organochlorine pesticides. 
In 1 984, they were withdrawn for use 
in cotton in French-speaking Africa.
Pesticides used for seed treatments 
have a special status as they have 
very little environmental impact and 
their formulations differ from those of 
compounds used in foliar treatments. 
Nevertheless, other chemical fam i-
lies are now being proposed for treat-
ments involving new techniques.
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Table 2. List of active ingredients classified on the basis of their toxic ity  levels 
(Source: International Programme on Chemical Safety, the W H O  recommended 
classification of pesticides by hazard and guidelines to classification 1992-1993, 
WHO/PCS/92-14).
Toxicity
C l a s s  1 a
e x t r e m e l y  h a z a r d o u s
C l a s s  1 b  
v e r y  h a z a r d o u s
C l a s s  2
m o d e r a t e l y  h a z a r d o u s
C l a s s  3
s l i g h t l y  h a z a r d o u s
Active ingredient Pesticide
aldicarb carbamate
disulfoton organophosphate
mevinphos organophosphate
parathion-methyl organophosphate
phosphamidon organophosphate
aldrin organochlorine
azinphos-methyl organophosphate
benfuracarb carbamate
carbofuran carbamate
dieldrin organochlorine
endrin organochlorine
flucythrinate pyrethroid
furathiocarb carbamate
isazophos organophosphate
isoxathion organophosphate
methamidophos organophosphate
methomyl carbamate
monocrotophos organophosphate
nicotin -
omethoat organophosphate
triazophos organophosphate
bifenthrin pyrethroid
carbaryl carbamate
carbosulfan carbamate
chlopyrifos organophosphate
cyflutrin pyrethroid
lambda cyhalothrin pyrethroid
alpha cypermethrin pyrethroid
cypermethrin pyrethroid
DDT organochlorine
deltamethrin pyrethroid
dimethoate organophosphate
endosulfan organochlorine
esfenvalerate pyrethroid
fenpropathrin pyrethroid
fenvalerate pyrethroid
fluvalinate pyrethroid
BCH organochlorine
gamma-BCH (lindane) organochlorine
methiocarb carbamate
permethrin pyrethroid
phosalone organophosphate
profenofos organophosphate
thiodicarbe carbamate
tralomethrine pyrethroid
acephate organophosphate
amitraz formamidine
dicofol carbinol
Endosulfan is a special organochlori- 
ne c o m p o u n d .  It is g e n e ra l ly  
considered acceptable for pesticide 
t rea tm en ts ,  e s p e c ia l ly  aga ins t  
lepidopterans that have developed 
resistance to some other pesticides. 
The target site of endosulfan is not 
the same as that of pyrethroids.
Concerning organophosphorous and 
ca rb am a te  pes t ic ides ,  a ll  a c t ive  
ingredients classified as "extremely 
dangerous (1a)" and "very dangerous 
(1 b)" by W H O  (based on the theore-
tical toxicity of the active ingredients, 
Table 2), should gradually be w i th -
drawn from the recommended list, 
despite the excellent activity of some 
of these compounds.
Users should assess the toxicity of a 
pesticide both in terms of its active 
ingredient and spraying conditions in 
the field, i.e. the formulation (solvent 
and compound levels) and dosage.
Pesticide specificity and 
use
Active ingredients are generally cho-
sen according to defined targets. The 
main pest groups are spider mites, 
sucking insects, leaf-eating lepidop- 
tera, bollworms, and bugs. Specific 
active ingredients are very important 
for threshold treatments. In fact, the 
active ingredient choice should take 
the  im p a c t  on n o n ta rg e t  fauna , 
including pests considered to be of 
secondary importance at the time of 
t re a tm e n t  and b e n e f ic ia l  o rg a -
nisms (predators and parasitoids).
Mixtures of some products can pro-
duce "potentiation" , i.e. the pestici-
de ac t iv ity  of a blend of two c o m -
pounds can be better than the sum of 
the ac t iv i t ies  o f the tw o  products  
used separately. This association can 
he lp  p reven t the d e v e lo p m e n t  of 
resistance to an active ingredient or 
to a family of chemicals because of 
the d if ferent target sites of the two 
active ingredients involved. The pest 
management consultant and farmer 
often end up spraying crops w ith  
binary mixtures that are not specific 
to the target pest, particularly when 
pyre thro ids are used. These pesti-
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pests should thus be closely monito-
red, w ith  the possibil ity of conduc-
ting additional treatments.
Rational doses and 
frequency of 
treatments
Fully adapted treatment techniques, 
pesticide supplies and observations 
are necessary when changing from 
prescheduled treatments to a th re -
shold treatment scheme.
Farmers re q u ire  a c o n s id e ra b le  
amount of techn ica l tra in ing  to be 
able to fo l lo w  up a sampling  p ro -
gramme and identify the main cotton 
pests. In terms o f log is t ics , users 
s hou ld  have access to d i f fe re n t ,  
easily-identif iable and mixable fo r-
m ula t ions , fo r  q u ic k  spec if ic  res-
ponses to any pest outbreak.
Econom ica l ly ,  it is essential to be 
able to p ro v id e  the p r ice  o f each 
trea tm en t upon request —  a very 
recent feature in trop ical Africa —  
and to constantly reassess the cost- 
effectiveness of each treatment relati-
ve to potential harvest losses.
Transition pest 
management programmes
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C o lo n y  o f  a p h id s .
Photos CIRAD-UREA
cides are thus sprayed at low doses, 
which can lead to considerable eco-
nomic savings.
Another strategy that can l im it  the 
development of pesticide resistance 
in pests involves a lternating treat-
ments, using active ingredients with 
target sites that differ from those of 
pyrethroids, i.e. endosulfan, carba-
mates and organophosphorous com-
pounds. This alternation can be done 
on a per-year basis —  a pattern used 
for acaricide treatments in Zimbabwe
—  or w i t h in  the same cam pa ign , 
while  limiting the use of pyrethroids 
during the fruit ing cycle, as carried 
out in Australia.
In it ia l  results obta ined in western 
A f r ic a  h ig h l ig h t  the in te res t  o f 
applying two endosulfan treatments 
at the onset of the crop season. This 
technique is efficient against spider 
mites, sucking insects and H. armige-
ra in low to moderate outbreak situa-
tions. However, this active ingredient 
is i n e f f i c ie n t  in c o n t r o l l i n g  
D i paropsis watersi (northern hemis-
phere) or D. castanea  (southern 
hem isphere).  O u tb reaks  o f these
To overcome these constraints, in 
recent years the cotton research pro-
g ramme has been p ropos ing  pest 
management programmes with pro-
gressive in te g ra t io n  o f  th resho ld  
trea tm ents  (Figure 3). These p ro -
grammes w i l l  be descr ibed in the 
next article.
The general recommendations are as 
follows:
-  systematic low-dose pest control, 
combining pesticide savings and far-
mers' safety with the efficacy of treat-
ments and prevention of pestic ide 
resistance;
-  surveying pest levels, which could 
lead to postponement of a scheduled 
treatment, or to a decision to carry 
out an additional treatment.
T r a d i t i o n a l  t r e a t m e n t s
5-6 prescheduled treatments every 14 days after 42-45 days of vegetative development,  
involv ing ultra low  volume spraying (1-3 l/ha o f  solut ion) w ith  a ready-to-use pyrethroid/ 
organophosphorous compound mixture.
N e w  t r e a t m e n t  t e c h n i q u e  
V L V  s p r a y i n g  o f  w a t e r - b a s e d  f o r m u l a t i o n s  ( 1 0  l / h a  o f  s o l u t i o n )
-  w ith  binary ready-to-use formulat ions (see previous case);
-  or w ith  adapted active ingredient doses that are sprayed separately.
▼
T r a n s i t i o n  p r o g r a m m e  
" S t a g g e r e d - t a r g e t e d  c o n t r o l "
-  1st step: six half-dose treatments, six observations and, if necessary, an additional dose 
of active ingredient is used for the 1 4th day treatment;
-  2nc ^ step: six half-dose treatments, six observations, an additional treatment 8 days 
after the previous one, if necessary. The most restrictive method, but closer to threshold 
treatments.
T h r e s h o l d  t r e a t m e n t s
A switch to threshold treatments is much more d if f icu lt  in areas infested w ith  endocarpal 
bollworms, as they are not easy to count.
N e w  p e s t  p r o t e c t i o n  p r o g r a m m e  
" I n t e g r a t e d  p e s t  m a n a g e m e n t "
Integrated pest management takes all control alternatives into consideration:
choice of crop varieties, entomophagous and entomopathogenic (Bacillus thurlngiensis,
etc.) organisms, trap crops, etc.
-  against leaf-eating caterpillars and 
m ites, some o rg an o p h o sp h o ro u s  
compounds are efficient;
-  against sucking insects, o rgano-
phosphorous and carbamate c o m -
pounds are used.
In practice, the same organophos-
phorous active ing red ient is often 
used to control spider mites and leaf- 
eating caterpil lars, w ith  a potent ia-
t ion  e ffect in m ix tures w ith  p y re -
th ro ids .  H ow e ve r ,  aph ic ides  and 
aleurodicides are often specific, and 
th e ir  a c t iv i t ie s  are not enhanced  
when mixed with other active ingre-
dients. With endocarpal bollworms, 
especially in regions where C. leuco- 
treta is common, prescheduled treat-
ments are still recommended.
Pest population assessments should 
be c o n d u c te d  at least o nce  a 
w eek .T he  fre q u e n cy  o f  pes t ic ide  
treatments is very important. A low 
dose treatment should be carried out 
as soon as possible (within 48 h) after 
a treatment decision has been made, 
in order to optimize successive treat-
ments. W h e n  ser ious  o u tb re aks  
occur, tw o  staggered treatments at 
normal doses are better than a single 
treatment with a double dose.
Figure 3. Transition from standard prescheduled treatments to integrated pest management.
The threshold treatment technique is 
p r im ar i ly  used to contro l the main 
pests such as spider mites and leaf- 
eating caterpil lars, sucking insects 
and bo l lworm s. Act ive  ingredients 
(py re thro ids , o rganophosphorous  
and carbamate compounds) are cho-
sen on the basis of the target insects:
-  against bollworms, pyrethroids are 
used at lo w  dose, p re fe ra b ly  in 
conjunction with an organophospho-
rous com pound  (also at low  dose) 
with potentiation activity;
Although farmers generally handle 
pest outbreak situations in an empir i-
cal manner, the volume of the pesti-
cide mixture should be adjusted with 
respect to the vegetative d eve lop -
ment stage of the cotton crop. For all 
treatment techniques, the first tw o  
treatments can be carried out w ith  
low pesticide volumes. At the onset 
o f vege ta t ive  d e ve lo pm en t,  each 
treatment run is faster and pesticide 
quantities applied per unit area are 
low e r,  regardless o f the spraying 
volume. Conversely, at the end of the 
development cycle, a higher volume 
has to be sprayed because o f the 
higher vegetation mass in the cotton 
p la n ta t io n ,  w h ic h  can ham per 
spraying operations. Changes in the 
spraying volume have a direct effect 
on the active ingredient quantit ies 
applied.
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An example of adapted 
pesticide treatments 
in Côte d'Ivoire
Pesticide active ingredient doses are 
calculated in terms of the type and 
level of infestation. The type of pesti-
cide to be used is chosen in terms of 
the level of risk related to the agri-
cultural practices used on the plot.
The k ind  o f  p a ras i t ism  is d e te r -
m ined  by the  f o l l o w in g  fac to rs :  
the p resence  o f  sp ide r  mi tes 
(Polyphagotarsonemus latus Banks) 
in the centre o f the coun try ;  o u t -
breaks of sucking insects (mainly the 
whitefly, Bemisia tabaci Gennadius) 
at the end o f  the c o t to n  c ro p  
season in the  n o r th ;  and the 
presence of endocarpal bo llworms 
(C. leucotreta) in the south.
Figure 4. The different types of 
spraying equipment used for cotton 
pest management.
Photos CIRAD-UREA 
From left to right:
-  high-pressure knapsack sprayers 
fitted with a horizontal "cadou" 
spraying bar with four nozzles 
(for spraying two rows at once);
-  Berthoud C8 ULV sprayer;
-  Ulvaplus VLV Micronsprayer;
-  Berthoud C4-10 VLV sprayer.
R ecom m ended  trea tm en ts  syste-
m a t ic a l l y  in c lu d e  a p y re th r o id /  
o rg a n o p h o s p h a te  m ix tu re ,  e.g. 
cypermethrin mixed with profenofos 
or dimethoate.
Training farmers on 
new treatment 
techniques
Research studies on act ive  ing re -
dients with very high efficacy w il l  not 
be useful unless eff ic ient treatment 
techniques are available.
In western Africa, pest management 
programmes began being developed 
in the 1960s, with knapsack sprayers 
fitted with a horizontal spraying bar 
(Figure 4) for the treatment o f two 
rows of co tton  p lants. A b o u t  80- 
100 l/ha of pesticide mixture can be 
sprayed w ith  this equipment. In the 
1970s, constraints in organizing field 
treatments along w ith  water shor-
tages at the end of the crop season, 
prompted the introduction of hand-
held rotary disk sprayers. These were 
used fo r  u lt ra  lo w  v o lu m e  (ULV) 
spraying of one in every five to six 
rows (1-3 l/ha), w ith  ready-to-use 
oil-based formulations.
This spraying equipment is currently 
used for very low volume (VLV) treat-
ments w i th  water-based fo rm u la -
tions. The spraying volume has been 
set at 10 l/ha of water emulsion, thus 
a c c o u n t in g  fo r  f o rm u la t io n  and 
spraying constraints. It is essential to 
be able to use emulsifiable or soluble 
concentrates for specific control pur-
poses, while adapting dosages to the 
prevailing level of parasite pressure.
The fo l lowing possibilities are there-
fore open to farmers: choosing one or 
more pesticides for each treatment; 
adjusting the active ingredient dose; 
and avo id ing  spraying d r i f t  dur ing 
pesticide treatments. However, this is 
still only a compromise technique. It 
has some drawbacks, including lon-
ger treatment times and the need to 
handle concentrated formulations. It 
is of considerable  interest to have 
these many different treatment tech-
niques available for setting up new 
pest management programmes.
Conclusion
There has been a recent irreversible 
change in cotton pest management 
programmes in western and central 
Africa. This w i l l  eventually lead to 
the adoption of threshold treatments. 
Chemical treatments w il l  be conduc-
ted only when necessary during cot-
ton growth phases.
Different steps are planned to facili ta-
te the transition between traditional 
pest protection practices and sensus- 
tr icto  treatment thresholds. The aim 
is to train contro l operators and to 
l im it  risks involved in the replace-
ment of prescheduled treatment pro-
grammes. Everyone participating in 
co tton  pest co n tro l  is concerned , 
including staff of extension compa-
nies that deal with farmers, observers 
(from villagers' organizations), scouts 
responsible for field counts, and even 
farmers.
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Uto»/ peste
Colony of Aphis gossypii.
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Adult colony of Bemisia tobacci.
Photo CIRAD-UREA
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Diparopsis watersi 
on a boll.
Photo CIRAD-UREA
Pectinophora 
gossypiella 
on a boll.
Photo CIRAD-UREA
Helicoverpa 
armigera on 
a boll.
Photo CIRAD-UREA
Cryptophlebia leucotreta on a boll.
Photo CIRAD-UREA
